Elephant grass (Pennisetum purpureum Schum.) is an important forage plant in the tropics and the potential of genotypes depends on the genotype × environment interaction effects. The objective of this study was to evaluate and compare different stability methods of forage production of 53 elephant grass genotypes, in Campos dos Goytacazes, Rio de Janeiro State, Brazil. The experiment lasted two years, a total of ten cuts with randomized block experimental design with two replications. The analysis of variance was applied to data from dry matter production (DMP), subjected to stability analysis using the following methods: Yates and Cochran, Plaisted and Peterson, ecovalence Wrickie, Kang and Phan, Lin and Bins, and Annicchiarico. The Yates and Cochran method showed more stable genotypes but being less productive. Plaisted and Peterson and ecovalence Wrickie methods presented a Spearman correlation equal to 1, so it is not recommended to implement them concurrently. Lin and Bins showed a strong negative correlation with the average being a method that indicates the genotype also very stable and productive. This method correlates with Annicchiarico, which also indicates productive genotypes by the confidence index. The genotypes most stable among the methods were: Pusa Napier 2, Taiwan A-143 and Merckeron Comum.
Introduction
The forage productions obtained in pastures originate largely the competitiveness of Brazilian cattle industry (Barcellos et al., 2008) . The elephant grass (Pennisetum purpureum Schum.) because of its high yield potential and quality is one of the most suitable forage for intensive systems of milk production in pasture (Cóser et al., 2008) .
Fluminense may result in an increase in forage supply, especially in the dry season, thus mitigating the effects of seasonality on production.
The elephant grass is used prominently in the Brazilian dairy livestock (Moreira et al., 2008) . There is a need of developing new varieties for the production of milk by means of plant breeding (Leão et al., 2012) . Enhanced cultivars are a common need to dairy farmers across the country, and the demand for new forage cultivars adapted to different ecosystems is intense. Stability is the response predictability in different environmental conditions (Viana et al., 2014) . Studies of stability parameters are important because they allow us to identify genotypes with predictable behavior and responding to environmental variations (Cruz et al., 2012) .
The method of Yates and Cochran (1938) consists in the joint analysis of experiments, in which the variation of the environment within each genotype is used for an estimate of stability. The Plaisted and Peterson (1959) method, besides quantifying, identifies the most stable genotypes. The stability parameter in Wricke's method is called ecovalence and presents as advantages and disadvantages of the method proposed by Plaisted and Peterson (1959) (Cruz et al., 2012) .
The method by Lin and Binns (1988) is a nonparametric test that evaluates the deviation of cultivars behavior in the environments and, therefore, estimates a stability. The method also considers a genotype test and behavior of a hypothetical genotype, or a measure of adaptability (Murakami et al., 2004) . Annicchiarico's (1992) methodology is also used to study adaptability and stability (Schmildt & Cruz, 2005) .
Therefore, the objective of this study was to evaluate and compare different stability statistics of the forage production of 53 genotypes of elephant grass in successive cuts made over time at conditions of Campos dos Goytacazes, RJ, Brazil.
Materials and Methods
The experiment was conducted at the State Center for Research on Bioenergy and Waste Recovery, located in the city of Campos dos Goytacazes, Rio de Janeiro State, Brazil (Coordinates: 21°19′23″S latitude and 41°19′40″W longitude; elevation of 20 to 30 m) in the area of the Unit for Research Support of the Center for Agricultural Sciences and Technology (CCTA/UENF).
The experiment was composed of fifty-three genotypes of elephant grass (treatments) from the Active Germplasm Bank of Elephant grass of Universidade Estadual do Norte Fluminense Darcy Ribeiro (UENF), identified in Table 1 . Planting was performed on April 25, 2008 by distributing whole stems into the furrows, positionated with their base in contact with the apex of the next plant in the bottom of the groove, in spaced lines at 50 cm in 10 cm deep, followed by 100 kg ha -1 P 2 O 5 . After 50 days of planting, fertilization was complemented with coverage of 25 kg ha -1 N.
The experimental design was a randomized block design with two replications. The experimental unit consisted of two rows spaced three meters by 0.5 meters between rows and 3 m between plots and are considered useful only 1.5 m of the lines, totaling 2,625 m 2 , neglecting the ends of each row.
After the establishment phase, all genotypes were cut close to the ground in October 3, 2008. After each cut was made coverage fertilization with 60 kg ha -1 of K 2 O and 50 kg ha -1 of N, beginning the phase of data collection. The ten evaluation cuts occurred on the following dates: 5/12/08; 04/02/09, 14/04/09, 18/07/09, 15/10/09, 15/12/09; 08/03/10, 12/05/10, 17/09/10 and 03/12/10.
The trait evaluated was dry matter production (DMP). Plants that were 1.5 m within each plot were weighed immediately after cutting. Then, sub-samples collected, chopped and conditioned in paper bags identified, weighed and placed in an oven at 65 °C for 72 hours. Then the samples were weighed again to obtain the air-dried sample (ADS), according to the methodology described by Silva and Queiroz (2004) .
Individual variance analysis was performed, followed by joint variance analysis. The stability methods employed were Yates and Cochran (1938) , Plaisted and Peterson (1959) , Wricke (1965) , Lin and Binns (1988) , Annicchiarico (1992) and Kang and Phan (1991) . In this work, the weights of Kang and Phan (1991) were made in relation to methods Yates and Cochran (1938) , Plaisted and Peterson (1959) and Wricke (1965) . For the comparison between the methods was performed by Spearman rank correlation (Steel et al., 1997) . For this analysis all statistics were classified according to the descending order. Statistical analyzes used in this work were performed using the program GENES-Computer Application in Genetics and Statistics (Cruz, 2013) .
Results and Discussion
The values of mean squares, averages and coefficients of experimental variation obtained by individual variance analysis, involving the elephant grass genotypes in Campos dos Goytacazes, in ten cuts are shown in Table 2 . Significant differences among treatments were observed (P < 0.05) for most of the cuts except the first and the sixth cut which were not significant and significant (P < 0.05), respectively. The average dry matter production was 6.53 t ha -1 , and ranged from 4.18 to 9.32 t ha -1 , covering the seventh and first cut, respectively ( Table 2) . The DM yields obtained in this study were similar to those described by Meinerz et al. (2011) , where it evaluated the genotype Merckeron Pinda in two planting systems, agroecologico and convercional. The average of 6 t ha -1 cuts in total of eight in the convecional system in this study was observed. According Lista (2008) in his study in Campos dos Goytacazes, RJ, Brazil, to evaluate the potential of 10 genotypes and two cultivars of elephant grass under irrigation found average of about 15 t ha -1 of dry matter in cut times 42, 56 and 70 days. Lima et al. (2007) evaluated for 9 months, 12 elephant grass genotypes in North Fluminense, and these DM yield by cutting ranged from 7.3 to 14.5 t ha -1 . Note. ***, ** and * significant at the level of 10, 1 and 5 % of probability by F test, respectively 1/ Mean square values multiplied by 10 3 .
DMP: Dry matter production; SV: Source of variation; Degree of freedon of Genotype SV = 52; Degree of freedon of Residue SV = 52; GMS: Genotype Mean Square; RMS: Residue Mean Square; CV: Coefficient of variation.
The values of residual mean squares (RMS) obtained from individual variance analysis (for environment) of dry matter production (DMP) ( Table 2 ) resulted in a relation between the largest and the smallest value of RMS equal to 11.40, indicating a high degree of heterogeneity of variance in individually evaluated environments , thereby precluding the inclusion of all environments in joint variance analysis. Considering an acceptable proportion 7:1 (Pimentel Gomes, 2009) discarding the first cut was performed, then obtaining the ratio of 3.89 between the highest and lowest value of RMS for others nine environments (cuts) indicating relative homogeneity of variances enabling the use of these environments in the joint analysis of variance (Table 3) . Significant differences by the F test for the sources of variation genotype, cut and genotype × cut were observed. The significance of the interaction suggests the study of stability, in order to indicate genotypes with predictable behavior and exhibit productive genotypes.
With respect to the method of Yates and Cochran (1938) , it was found that genotypes had the lowest mean squared estimation (Table 4) were 49, 34, 33, 2, 31, 10, 46, 43, 3, 5 , 15, 30, 40, 32, 18, 44, 4, 7, 21 and 24. Considering the ranking of general average productivity (Table 4) , the genotype 49, which is the most stable, occupied 48th among 53 positions, far below the overall average. The genotypes, 6, 31 and 24, the latter two being in accordance with the results of Yates and Cochran method, occupied positions 18th, 5th and 19th in the ranking of the most productive, respectively. Among the other stable genotypes, 33, 31, 7 and 24 occupied positions 13th, 5th, 16th and 19th in the productivity ranking, respectively. The last-place ranking of mean squares, i.e., the less stable genotype was 17, but that was positioned in the top 10 in productive performance, occupying the 9th position.
Other authors to also use the methodology of Yates and Cochran (1938) , found that the most stable genotypes, were among the less productive, while the most productive were found to be the most unstable (Cargnelutti et al., 2007) . This method values the stability in the biological sense, and some authors report not be advantageous to use this methodology because genotypes with that kind of stability are generally not productive (Cruz et al., 2012) . Thus, using this methodology, it can be concluded that more stable cultivars are indicated, but associated with lower productivity.
Regarding the Plaisted and Peterson (1959) method, the genotype which has lower estimate θ (%) is considered the most stable. As results shown in Table 4 , the 20 genotypes were more stable in ascending order: 18, 2, 46, 32, 52, 6, 42, 5, 14, 11, 48, 40, 8, 49, 26, 4, 10, 9, 31 and 24 . The most stable genotype by this method was 18, which in the productivity ranking was in 33rd place (Table 4) , with an average below the overall average. Daher et al. (2003) , for genotypes 27 and 37 of this study, they found estimates θ (%) 4.67% and 14.40%, respectively. They also concluded that the genotypes with highest yield had little stability.
It was observed generally that classification for stability is not highly related with the worst production as in method Yates and Cochran, occurring alternate genotypes with good yields and stability, with low production genotypes, and good stability. Also identified genotypes with low yield and stability values. In Silva et al. (2017) evaluated the stability of the production of 40 elephant grass genotypes and found that the Mercker 86-México genotype presented the second best yield (30.65 t ha -1 ), but it was the most unstable according to the Yates and Cochran method, corroborating with the results obtained in the study in relation to this method.
The Wrickie (1965) method, like the previous one (Plaisted and Peterson) agreed that the most stable genotype has lower estimated ωi (%). Methods Plaisted and Peterson and Wricke showed a perfect correlation between them (r = 1) ( Table 6 ) and therefore identical correlations with the other methods. Thus, the findings obtained by these two methods are the same. This similarity results from the fact that both use the decomposition of the sum of squares of GE interaction in the derivation of their stability parameters (Cruz et al., 2012) .
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The results obtained by the Annicchiarico (1992) methodology were very similar to those obtained by the Lin and Binns (1988) model, which was expected. Both are designed to measure the superior genotypes: the first takes as a reference the performance of the best genotypes in each environment and the second the average of each of the environments.
In this work, the weighting of Kang and Phan (1991) was made in relation to Yates and Cochran (1938) ; Plaisted and Peterson (1959) and Wricke (1965) methods. Kang and Phan method associated with the traditional method showed the genotypes 31, 33, 53, 7, 27, 30, 43, 24, 22, 34, 35, 6, 40, 28, 29, 4, 5, 37, 11 and 47 as the 20 most stable. Among them, 12 are among the 20 most productive. Genotype 31 comes in 1st position according to this method, and is the 5th place among the most productive (Table 5 ).
All correlation methods were correlated with DMP. However, correlation coefficients indicate that a relationship differs between methods. Stability parameters of Kang and Phan (1991) associated with Plaisted and Peterson (1959) and Wrickie (1965) methods indicated as top 20 the genotypes: 6, 31, 29, 53, 18, 28, 11, 48, 16, 24, 52, 50, 40, 35, 47, 4, 5, 37, 32 and 22. Among them, 11 were between the 20 most productive. The results for the methods are the same, they have perfect correlation with each other. Daher et al., 2003 using the same method with 14 clones and three cultivars, and the genotypes 27 (Mineiro) and 37 (Taiwan A-146) were also among them presenting a high value of Kang and Phan "ranks". In this work the genotypes 27 and 37 were between the top 25 among the 53 genotypes.
Phan and Kang (1991) associated with Plaisted and Peterson (1959) method was correlated with the average productivity and all methods (P < 0.01), except the method of Yates and Cochran (1938) . The same can be concluded with the method of Kang and Phan (1991) associated with Wrickie (1965) method, both of which have a correlation coefficient equal to 1.
According to the estimates of the Spearman correlation coefficients (Table 6) , the method of Yates and Cochran (1938) , or traditional, showed a positive correlation (r = 0.43) with the average level of 1% significance, indicating a weak tendency of individuals with little variation over the cuts have low production.
Correlations between the method of Yates and Cochran (1938) with Plaisted and Peterson, Wrickie, Lin and Bins and Kang and Phan method associated with this method (Yates and Cochran) were significant at 1% (r = 0.6; 0.6; -0.38 and 0.5), respectively. On the other hand, the correlations with the methods of Annicchiarico and Kang and Phan associated with Peterson and Plaisted and Wrickie methods were not significant (r = 0.24; 0.14; 0.14), respectively.
